Objective: Following the publication of the DePippo et al. research, many physicians are beginning to use the 3-oz water screen as a replacement for videofluoroscopic swallow evaluations. Decisions regarding oral intake are being made using the cough reflex as the sole indicator of aspiration. We replicated this procedure in one hundred patients scheduled for videofluoroscopic evaluation to determine its reliability as a screening method.
Introduction
Identifying aspiration using bedside swallow screening methods has met with varying levels of success ( I-~ ).
The bedside screening procedure is generally done by giving a patient food textures and liquids, then observing for clinical signs of distress. Coughing, gagging, throat clearing, oral stasis, food loss orally, &dquo;wet-hoarse&dquo; vocal quality, or reduced laryngeal elevation during oral intake have been observed when using this screening method. Success in identifying aspiration in patients with swallow dysfunction using bedside screening techniques ranges from 80% to 42% (1) (2) (3) (4) (5) . DePippo et al. (1) report- ed an 80% level of success in the identification of aspiration hased on the 3-oz water screen resulting in cough reflex and &dquo;wet-hoarse&dquo; vocal quality. However, &dquo;wet-hoarse&dquo; vocal quality is highly subjective and difficult to quantify. Linden et al. (2) stated approximately 66'X> success rate in identifying aspiration using a screening test of fifteen factors and characteristics observed during the bedside evaluation. Logemann (3) reported approximately 60% of aspirating patients were identified by bedside screening. Splaingard et al. (4) indicated that bedside evaluation identified only 42% of patients who subsequently aspirated during videofluoroscopic follow-up. Scales et al. (5) also reported identifying 42'yet) of patients who aspirated using a clinical bedside assessment. Silent aspiration is the major factor affecting the reliability of bedside screening tests. We define silent aspiration as the penetration of food, liquid, or saliva below the level of the true vocal folds, without a cough reflex, throat clearing response, or other external signs of distress. Blitzes (6) describes this physiological process as follows:
In the normal larynx, unilateral sensory stimulation will evoke reflex addtuction of the vocal folds. The sensory signal is carried via the superior laryngeal nerve, and the bilateral motor response is carried via the recurrent laryngeal nerves. If there is decreased or absent sensory signal, foreign material in the supraglottis and glottis may escape detection and fail to trigger laryngeal closure. Without laryngeal closure, swallowed material may spill through the glottis until it is detected by sensory fihers of the recurrent laryngeal nerve, which provides sensation over the undersurface of the vocal folds and subglottis. If the vocal sensory fibers are also ~3isahled, a cough may not be initiateJ, and foreign material will descend into the tracheobrunchial tree, until it provokes a response from the vagal tracheal fibers, which have considerable crussover (6) .
Silent subglottic aspiration has been widely reported (3, 4, (7) (8) (9) (10) . The majority of patients who aspirate silently do so without evidence of coughing, choking, or awareness of their aspiration. These patients are at high risk for developing aspiration-related complications, pneumonia, or death. Silent aspiration is generally not diagnosed until severe indications of illness develop, placing the patient at risk for extended acute stays and the accompanying costs and expenses.
Methods

Study Sample
We identified one hundred patients with various diagnoses, presenting consecutively, for videofluoroscopic eval-uation. All patients had been referred to assess aspiration status following concerns of nursing or primary physicians regarding the patient's reduced neurological or medical status affecting swallow function. Since these patients had consented to the videotluoroscopic procedure, which includes H,O intake, no additional consent was obtained.
Half of these patients were referred in an acute hospital; the remaining in a rehabilitation hospital. The mean age was 75.2 years (± 11.3); range 27 to 95 years. Males comprised 52% of the patients. Patients presented with sixteen different referral diagnostic categories (Table 1 ) .
Methods
Prior to the videofluoroscopic swallow evaluation, each patient was given three ounces (90mL) of water.
The patients were asked to drink from a cup without interruption. The speech pathologist and radiologist observed for coughing or a throat clearing response during and for one minute after completion of the 3-oz water screen, indicating aspiration. Any coughing or throat clearing during this period was recorded as abnormal, or failing the screening test.
The videofluoroscopic swallow evaluation consisted of four 5 mL doses of pureed applesauce impregnated with E-Z PASTE&dquo; esophageal cream; four 5 I11L doses of &dquo;honey&dquo;-consistency thickened liquid (thick, but pourable); and four 20 mL sips of barium liquid from a cup. The videofluoroscopic evaluations were recorded with a videocassette recorder (SONY VO-5800H, Sony Corporation, 7-35 Kitashinagawa 6-Chome, S111I1ag211B'~lku, Tokyo, 141, Japan) and timed by the speech pathologist and radiologist. classified into one of three categories: no aspiration, aspiration, or penetration. We defined aspiration as the penetration of food or liquids below the level of the true local folds. Laryngeal penetration was defined as entry of foods or liquids into the laryngeal vestibule, above the level of the true vocal folds, not aspirated.
T-test of means tor independent groups was used to compare the mean age of the patients in the acute care hospital with the mean age of the patients in the rehabilitation Il~,~~,itnl. Fisher Exact Test was used to determine if differences in gender, ethnicity, or diagnosis existed between patients in the acute care hospital and the rehabilitation 11~1s1ltal. Fisher Exact Test was also conducted to compare the results of the 3-oz water screen with the results of the videofluoroscopic evaluations. Sensitivity and specificity of the 3-oz water screen were also calculated. Specificity, expressed as a percentage, was defined 1 as the true negatives divided hy the sum of the false negatives and the true negatives multiplied by 100. Sensitivity, expressed as a percentage, was defined as the true potsitives divided by the sum of the false positives and the true positives multiplied by 100.
Results
Sarnt~Ie Chnrncteri5rics
When comparing patients from the acute hospital with those patients from the rehabilitation hospital, we found no significant differences in gender or ethnicity. There was a statistically significant difference (p = 0.001 ) between the mean age of patients at the acute hospital (78.8 years, ± 9.9 years) and mean age Of the patients at the rehabilitation hospital (71.6 years, ± 11.7 years). We also compared those examined at the acute hospital with those from the rehabilitation hospital on diagnosis by collapsing all CVA and CVA-rel~lteL] diagnoses into one group (LCVA, RCVA, bilateral, and brain Stelll) and all other diagnoses into another group. The probability that these two groups were different on the created variable of diagnostic group is 0.071 (Fisher Exact Test).
Of the one hundred patients, twenty-four coughed on the 3-oz water screen; the remainder did not. The results of the videofluoroscopic evaluation documented that of the one hundred patients evaluated, fifty-four aspirated and five had laryngeal penetration above the level of the true vocal folds (not aspirated). The remaining tOrty-Olle demonstrated normal swallow function ( Table 2 ).
Of the fifty-four patlCIlCs who aspirated, nineteen (35%) coughed or cleared their throats during or within one minute of the 3-oz water screen (sensitivity, 54%; specificity, 79%; Fisher Exact, p = 0.005). The remaining We also classified those patients aspirating as to the type of substance aspirated. Of the fifty-four who aspiranted, 41 (76%) aspirated thin liquid only; four (7%) aspirated thickened and thin liquids; and nine ( 17&dquo;/,~) aspirated pureed texture, thickened and thin liquids. When we classify the nineteen patients who coughed or exhihited throat clearing un the 3-oz water screen, seventeen (90(){J) aspirated thin liquid only; one (5'%» aspirated thickened and thin liquids, and one (5%) aspirated pureed texture, thickened and thin liquids,. Of the thirty-hve patients who did not cuugh or exhibit throat clearing on the 3-oz water screen, twenty-tive (71%) aspirated thin liquids only; two (6%) aspirated thickened and thin liquids; and eight (23%) aspirated pureed texture, thickened and thin liquids (Table 3 ).
Discussion
Based on our t111C~lllgs, we conclude that using the 3m water screen and cough reflex as the sole indicator of aspiration status is not a reliable method of evaluating aspiration. Our study resulted in only 35% of those who aspirated being identified by the 3-oz water screen. That is, those who coughed on the 3-oz water screen were also positive for aspiration results on videotluoroscopic evaluation. However, since 65% of those who aspirated on videofluoroscopic evaluation were not identified by the 3oz water screen, we believe that the effectiveness of the 3oz water screen is minimal. Certainly, as DePippo et al. (1) state, it has some use as a preliminary indicator when utilized in conjunction with a clinical symptom checklist.
We do not recommend that it replace the precision of the videofluoroscopic evaluation, or be used based on cough reflex alone.
The number of patients aspirating in this study (54 or 54%) is a higher percentage than generally reported in the literature (approximately 40%). It should be noted that approximately 50% of the subjects, presented consecutively, were CVA-rel~ited etiologies. The remainder of the patients represented varying pathologies. The majority of studies in the literature regarding aspiration have been specific to CVA populations, which may explain the higher aspiration rate in this study.
If the 3-oz water screen and cough reflex were the only screening used to decide oral intake, then thirty-five of these tifty-fuur patients would have been placed on oral diets. Consequently, these patients would have been placed at risk for aspiration and aspiration-related consequences (e.g., pneumonia and/or death). Eight of the patients (23%) who aspirated silently ingested pureed texture, thickened liquids, and regular liquids without coughing or showing clinical distress ( Table 3 ).
Advocates of the 3-oz water screen stress financial savings as the reason for using this screening test. We believe that the charges incurred from treating aspiration pneumonia in acute and rehabilitation settings far exceed the charge of a videofluoroscopic evaluation. The fee for videofluoroscopy must be viewed as a preventive medical expense, which ultimately reduces the overall cost of care.
We are concerned about the sole usc of a screening test that is based on the cough reflex. To define the ability to swallow-and the risk for aspiration and potentially life-threatening pneumonia-from a test measuring only cough as an objective measure is a high risk venture in terms of patient care.
The literature demonstrates that experienced swallow yrllfLSSIOII'd1S are limited in predicting aspiration from bedside evaluations, even when using extensive screening symptom protocols. The 3-oz water screen should be viewed and studied as one variable within this screening protocol to assist with decisions regarding referral four vide-ot1uoroscopic evaluation, and not as a sole indicator or replacement for videofluoroscopy.
